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ACTIVITY

Figure 1. Kindergarten student working
on insect-inspired design challenge.
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introduction
Scientific discoveries are a driver for advancing our technological world (ITEA/ITEEA; 2000/2002/2007). As more knowledge is acquired through scientific inquiry, people can better
design and develop technological inventions and innovations
(Knowles, Kelley, & Hurd, 2016). In turn, these novel technologies can aid in making new scientific discoveries, thus driving
an ongoing cycle of technological advancement. However,
in the process of designing and advancing our technological
world, people can turn to the study of life and its phenomena
to inspire and inform their designs. Nature is functional as
well as beautiful. As we study the phenomena or functions of
living organisms within their environments, we can often find
resolutions to some of the most challenging design problems.
Therefore, design inspirations can truly be found by simply
looking outside the window.

looking at the natural world to design
the technological world
The natural world has many wonders that have been perfected over time. Termites build mounds that have a natural ability
to circulate and regulate temperature. Whales can effortlessly propel their large bodies through water. Leaves absorb
sunlight to help plants grow. Woodpeckers can hammer their
beaks into trees at an astounding rate without harming their
bodies. By studying these functions or phenomena, we can
understand the nature-tested methods for solving problems
and apply that knowledge to new and novel contexts to
achieve tasks in the technological world. Modeling the design
and production of products, structures, and systems after
the functions of biological entities is known as biomimicry.
Designers, whether they be engineers, architects, industrial
designers, or fashion designers, often look to nature to devise
resolutions to complex problems. For example, engineers have
created wall-climbing robots by mimicking the functions of a
gecko’s feet, safer football helmets based on the anatomy of a
woodpecker, better soft-landing systems for aircraft by mimicking the function of a honey bee, and Velcro, which mimics
the small hooks on burrs that often stick to fur and clothing items. To clarify, biomimicry does not just copy nature’s
shapes; instead biomimicry is the process of imitating how a
plant or animal functions in order to achieve a specific task
(Lord & Matthews, 2014).
The process of biomimicry is not confined to adult designers
and industry experts. Many children dream of being the next
superhero or villain such as Spiderman, Batman, Antman, or
Poison Ivy. While reading about or watching these superheroes or villains, children may not see how their super powers
mimic the qualities of the animal for which they are named,
whether it be the ability to climb walls like a spider, use super-
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Figure 2. The flight of birds can be a source of design inspiration.
Photo credit: Toby Hudson, Creative Commons: https://commons.
wikimedia.org/wiki/File:Domestic_Pigeon_Flock.jpg

sonic hearing like a bat, have strength beyond their size like
an ant, or defeat enemies using poisons or pheromones like a
plant. Little do children realize that a lot of these superheroes
have abilities mimicking the function of the biological organism that enabled their super abilities. While these stories are,
of course, fictional, they can be used as an engaging way to
introduce students to the idea of biomimicry and provide them
with additional opportunities for creative thinking and developing new design ideas.
Inspiration for new innovations and inventions can indeed
come from a variety of sources. Every technology was inspired
by something—whether it was an apple falling on Newton’s
head or inventors aspiring to be able to fly as freely as birds.
Using natural sources for design inspiration can be an effective way to engage and mentor students as they integrate
design, engineering, and science concepts. As Nicholas & Peterson (2015) posit, the reliance on naturally occurring design
concepts and biomimicry represents the natural intersection
of biology and engineering. Children are naturally observant and inclined to question and explore. As they continue
to grow and learn, they have the opportunity to take their
observations of nature and apply them to solve problems and
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extend human capabilities. Therefore, the authors developed
the biomimicry-focused, engineering design-based lesson
(Grubbs & Strimel, 2015) in Tables 1 and 2 for engaging chil-

dren in engineering, exposing them to potential STEM-related
careers, and integrating STEM learning through an engineering design challenge.

Table 1
Biomimicry and Design Lesson Overview
Time: 120 minutes
Lesson Purpose: Students will engage in a design challenge to create an aircraft design by learning and applying biomimicry
principles and engineering design practices (Ask, Imagine, Plan, Create, Improve). By using biomimicry as the driving inspiration, students may be able to become more adept in seeing design inspiration all around them and finding creative stimulus
in everything while also learning the concepts of life sciences. Creativity and design can be hard skills to acquire, but with
practice, students will be able to design and create more efficiently.
Core Content Standards (Standards for Technological Literacy/STL):
•
STL Standard 8: Students will develop an understanding of the attributes of design.
◦
Benchmark C. The design process is a purposeful method of planning practical solutions to problems.
◦
Benchmark D. Requirements for a design include such factors as the desired elements and features of a product or
system or the limits that are placed on the design.
•
STL Standard 9: Students will develop an understanding of engineering design.
◦
Benchmark D. When designing an object, it is important to be creative and consider all ideas.
•
STL Standard 11: Students will develop the abilities to apply the design process.
◦
Benchmark E. The process of designing involves presenting some possible solutions in visual form and then selecting
the best solution(s) from many.
Global or Local Issue: The next generation should leverage the study of the natural world to cultivate creative solutions to the
world’s most challenging problems.
STEM Standards (Next Generation Science Standards):
•
3-5-ETS1: Define a simple design problem reflecting a need or a want that includes specific criteria for success and constraints on materials, time, or cost.
•
3-5-ETS1-2: Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the
criteria and constraints of the problem.
•
3-LS4-2: Use evidence to construct an explanation for how the variations in characteristics among individuals of the
same species may provide advantages in surviving, finding mates, and reproducing.
3-LS4-3: Construct an argument with evidence that in a particular habitat some organisms can survive well, some sur•
vive less well, and some cannot survive at all.
Student Outcomes:
Students will be able to
1. Define biomimicry.
2. Explain examples of biomimicry in the world today.
3. Apply the basic principles of engineering design to develop a solution to a problem.
4. Describe how the characteristics of a species can provide advantages or disadvantages for the species’ survival.
Driving Question: How can we use the functional characteristics of a biological entity to inspire design?
Career Connections:
1. Industrial Design
2. Aerospace Engineer
3. Mechanical Engineer
4. Biologist
5. International Relations
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Table 2
Biomimicry and Design Lesson Plan
Engineering Design-Based Lesson Plan
Engage: Explain to the students that you will be showing a short clip about superheroes. Tell them to write down the different superheroes (if they recognize them) and their different super powers. Show 3-5-minute clips of different animal-inspired
superheroes.
Discussion:
•
Who were the superheroes in the video clip?
•
What super powers do the heroes have?
•
How were these super powers inspired by nature?
Explore: Put the students into small groups and give them matching cards (cards that have a picture of a technology and
cards that have a description of an inspiration from nature). Ask the students to work as a group to pair the cards. After the
students have found the matches, you can discuss each pair to see if they correctly paired the cards. The students may find
unanticipated connections. When this happens, have the students explain their rationale for the connection.
Discussion:
•
Were there any pairings that surprised you?
•
Why do you think it would be useful to use nature to inspire engineering design?
•
Why do you think scientists and engineers would want to use nature as an inspiration for technology?
Explain: Nature has proven to be an efficient designer of solutions. Over thousands of years, organisms have evolved to be
more efficient. Just as we have the opportunity to learn from the history of humans and their evolution, we can also learn from
other animals/organisms to help our technological development.
Ask:
Which of the cards in front of you are good examples of biomimicry (technology that models the functions of a living thing)?
For example, Velcro has been modeled after the small hooks on plant burrs that often stick to fur and clothing items. Point out
specific examples of biomimicry technologies that model functions of biological entities and have had a positive effect on the
environment:
◦
Termite mound-inspired buildings – because they have naturally good circulation, they self-regulate the temperature.
Energy is saved from not having to use heating and air conditioning.
Whale fin-inspired wind turbines – using whales as an inspiration helps to improve efficiency.
◦
◦
Leaf-inspired solar panels – help us to increase the efficiency of the sunlight absorbed in order to help improve solar
power.
◦
Bionic car-inspired by the boxfish – more efficient gas, resulting in a better effect on the environment.
◦
Similar to bullet train – using shape of kingfisher, they are able to go faster, decrease turbulence, and improve on gas.
◦
Durian fruit-inspired Esplanade Theater – helps improve natural lighting.
Engineering challenge: The International Olympic Committee has decided to add a new event to the Olympics. They decided
that the Olympics should not just be about the fittest and the strongest, but also the smartest and most creative. The Committee sent out a challenge to all countries to design a mock-up of an aircraft (made of cardstock) that can fly 30 feet. The mockup must be able to carry two pennies that represent cargo. However, to emphasize national pride, the aircraft must be inspired
by the country’s national animal and/or flower.
In groups of three, students will employ an engineering design process to meet the aforementioned challenge. Each group
will be assigned a country to research and employ engineering design practices to accomplish the challenge.
Countries to assign (all have at least one winged animal):
Antigua and Barbuda
Australia
Bangladesh

Costa Rica
Denmark
India

Japan
Latvia
South Africa

United Kingdom

Before students receive the cardstock paper, they will need to explain their final design to the teacher.
Evaluate: Student groups will present their designs to the class. They will explain their inspirations and how they incorporated
them into their design. Each group will also demonstrate the functionality of their aircraft. Each student will write down one
concept they liked about the other groups’ designs and one thing they would want to improve for each design. The students
will present these concepts to the entire class.
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Figure 3. Olympic Parade of Nations (inspiration for the Design Challenge).
Photo credit: https://commons.wikimedia.org/wiki/File:2012_Summer_Olympics_Parade_of_Nations.jpg
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